The Carbon Storage Program being implemented by the U.S. Department of Energy's (DOE) Office of Fossil Energy and managed by the National Energy Technology Laboratory (NETL) is focused on developing technologies to capture, separate, and store CO 2 in order to reduce greenhouse gas emissions without adversely affecting energy use or hindering economic growth. NETL envisions having a technology portfolio of safe, cost-effective, greenhouse gas capture, transport, and storage technologies that will be available for commercial deployment. The Carbon Storage Program involves three key technology development elements: (1) Core Research and Development (R&D), (2) Infrastructure, and (3) Global Collaborations. The integration of these elements is addressing technological and marketplace challenges.
documented them in best-practices manuals; (3) refined national CO 2 storage assessments through characterization field projects; and (4) trained nearly 3,000 students through the Regional Carbon Sequestration Training Centers. Even though NETL's Carbon Storage R&D Program is being implemented through several different initiatives, it should be viewed as an integrated whole, with many of the goals and objectives transitioning from one initiative to the next.
The U.S. Department of Energy (DOE) launched its Carbon Storage (formally Sequestration) Program in 1997 with a goal of developing and advancing carbon capture, utilization, and storage (CCUS) technologies with significant potential to reduce GHG emissions that will be ready for widespread commercial deployment by 2030. Since 1997, DOE's Carbon Storage Program has significantly advanced the CCUS knowledge base in selected technology areas through a diverse portfolio of applied research projects. The Carbon Storage Program comprises three principal elements: Core Research and Development (R&D), Infrastructure, and Global Collaborations. It is the integration of these elements that will address technological and marketplace challenges. The Infrastructure element of DOE's Carbon Storage Program is focused on R&D initiatives to advance geologic CO 2 storage toward commercialization [2] . The Infrastructure element highlights DOE's awareness of the importance of addressing CO 2 mitigation on a regional level to most effectively account for differences in geology, climate, population density, infrastructure, and socioeconomic development. This element supports the development of regional infrastructure for CCUS throughout the United States through several efforts, including a series of geologic CO 2 storage field tests through the Regional Carbon Sequestration Partnership (RCSP) Initiative, as well as small-scale geologic CO 2 storage field testing efforts used to augment and build on the RCSP field test accomplishments. The Infrastructure element also includes crosscutting projects funded by the American Recovery and Reinvestment Act of 2009 (ARRA) that complement the existing Carbon Storage Program's efforts to develop CCUS infrastructure in the United States. These ARRA-supported efforts include the establishment of seven CCUS training centers to promote knowledge-sharing and lessons learned from field projects, and nine geologic site characterization projects to enhance and better understand the nation's CO 2 geologic storage capacity. These infrastructure efforts are highlighted below:
 Regional Carbon Sequestration Partnerships (RCSPs): Seven RCSPs are tasked with determining the best geologic and terrestrial storage approaches and applying technologies to safely and permanently store CO 2 in specific regions throughout North America. The RCSPs are public/private partnerships comprised of more than 400 organizations in 43 states and four Canadian provinces. They include representatives from state and local agencies, regional universities, national laboratories, non-government organizations, foreign government agencies, engineering and research firms, electric utilities, oil and gas companies, and other industrial partners. This RCSP Initiative established the basic structure and initial findings for CCUS resources throughout the United States and portions of Canada that are being further enhanced by additional small-and large-scale CO 2 injection projects designed to address specific applied research related to advancing both geologic and terrestrial storage. In addition, the RCSPs began studying possible regulations and infrastructure requirements that would be needed should CCUS be deployed on a commercial basis.
 Small-Scale Field Tests: NETL is supporting four CO 2 injection tests in geologic formations and depositional environments dissimilar to those investigated through the RCSP or ARRA Site Characterization efforts, in order to understand CO 2 behavior and migration throughout a full spectrum of depositional environments/classes of storage formations. These small-scale tests generally involve relatively modest (<500,000 metric tons CO 2 ) injection volumes and are aimed specifically at increased understanding CO 2 injectivity, storage capacity, and CO 2 storage in various geologic systems.
 ARRA Geologic Site Characterization Efforts: NETL is promoting a significant effort to characterize storage formations and reduce uncertainty associated with capacity resource estimates in North America. NETL selected nine projects to characterize promising geologic formations for CO 2 storage. These projects focus on the regional site characterization of "highpotential" geologic storage formations that include saline formations, depleting/depleted oil fields, and unmineable coal seams with the goal of developing comprehensive data sets of formation characteristics, while also gathering information and gaining experience to refine best practices for storage site selection and characterization.
 ARRA Regional Carbon Sequestration Training Centers: Distribution of the results and lessons learned from both field projects and Core R&D efforts will provide the foundation for future large-scale CCUS field tests across North America and address challenges associated with their public acceptance, infrastructure, and regulatory framework. Implementing CCUS technologies will require a significantly expanded workforce trained in various specialties that are currently underrepresented in the United States. NETL is supporting seven ARRA-funded Regional Carbon Sequestration Training Centers that are developing professional training classes and academic curricula for scientists, engineers, lawyers, business professionals, and others involved in CCUS project development.
Even though NETL's Carbon Storage Infrastructure element is being implemented through several different initiatives, it should ultimately be viewed as an integrated whole, with many of the goals and objectives transitioning from one initiative to the next. In particular, the initiatives under the Infrastructure element have been successful at supporting the development of regional infrastructure for CCUS throughout the United States through (1) refining national efforts to identify stationary CO 2 sources, characterize potential storage formations, and reduce uncertainty associated with capacity resource estimates; (2) develop small-and large-scale CO 2 injection tests in different classes of geologic formations; and (3) support the development of human capital, stakeholder networking, regulatory policy development, carbon mitigation plans, and public outreach and education throughout the United States [1] .
Regional Characterization Efforts
The process of identifying suitable geologic storage sites with adequate storage potential involves methodical and careful analysis of the features of promising geologic formations. While geologic formations are infinitely variable in detail, they are classified by geologists and engineers by their trapping mechanism, hydrodynamic conditions, lithology and, more recently, by their depositional environment [3] . NETL has determined that deploying CCUS on a commercial scale will require (1) optimizing CO 2 source to sink matching; (2) geologic storage formations capable of storing large volumes of CO 2 ; (3) injection of CO 2 at an efficient and economic rate; and (4) safely retaining CO 2 over extended periods. The efforts of the RCSPs, other large-and small-scale CO 2 injection projects, the ARRA Site Characterization projects, and the National Carbon Sequestration Database and Geographic Information System (NATCARB) have substantially increased our understanding of the potential to use geologic formations not previously studied in detail for use in geologic storage of CO 2 .
Since its inception in 2003, NETL's RCSP Initiative has continued to characterize and refine geologic and terrestrial opportunities for carbon storage and identify CO 2 stationary sources within each RCSP's respective study region [2] . Data gathered by the RCSPs and NATCARB show that CO 2 stationary source emissions result largely from power generation, and industrial processes ( Figure 1 ). While not all potential GHG sources have been examined, NETL has documented the location of 4,285 major CO 2 stationary sources throughout the United States and Canada with total annual emissions of approximately 3.347 billion metric tons of CO 2 [2] .
As large power plants begin to capture CO 2 , suitable storage formations and storage projects will be needed to accommodate larger volumes of captured CO 2 [2] . NETL has primarily focused geologic storage R&D on three underground storage types, saline formations, oil and gas reservoirs, and unmineable coal seams, each with unique challenges and opportunities. However, organic-rich shales and basalt formations are promising geologic storage types NETL is also investigating through characterization efforts (Appendix A). All these storage types are widely distributed throughout North America ( Figure 1 ) and have the potential to hold total CO 2 emissions from large point sources into the distant future. The largest potential storage resource for geologic storage is in saline formations, and it is this potential that drives interest in CCUS to be a significant carbon management option. Saline formations being evaluated are porous sedimentary deposits saturated with brine that have salinity greater than 10,000 mg/l total dissolved solids (TDS) and they are widely distributed globally. However, in the near term, mature oil and natural gas fields provide a financially attractive option as sites for storage because of the comparative wealth of information and existing data regarding site-specific subsurface geology, existing infrastructure, and economic incentive in the form of enhanced recovery of oil (EOR) or natural gas (EGR), which will help reduce the costs of capture, transportation, injection, and monitoring. As CCUS matures, higher cost of oil, increased availability of CO 2 , and available CO 2 storage resource in oil and gas formations are reasons that the EOR industry could provide a mechanism for utilizing and storing significantly more CO 2 than it does under current conditions. Mature or abandoned natural gas fields could provide large advantages for early storage projects [5] . Similarity, injection of CO 2 into coal seams can be advantageous due to storage potential (both domestically and globally) and the additional benefit at some sites of enhanced coalbed methane production (ECBM). CO 2 injection into coal seams (either as a gas or a supercritical fluid) results in sorption of CO 2 on organic-rich surfaces within the coal and, depending on the hydrostatic pressure, methane being liberated and produced while the CO 2 is retained. However, geologic storage in unmineable coal seams through adsorption processes is still a relatively immature geologic storage type and needs additional research because of the technical risks associated with swelling of the solid coal matrix during the adsorption process, resulting in reduced cleat aperture and overall permeability [6] .
The potential resource for CO 2 storage in oil and gas formations, saline formations, and unmineable coals seams in North America is significant, representing at least several hundred years of emissions from large stationary sources (currently >3.347 billion metric tons emitted annually for major stationary sources across parts of Canada and the U.S.). Table 1 provides a summary of assessed CO 2 storage potential across parts of Canada and the U.S. NETL continues to further advance a national assessment of CO 2 storage resources in deep geologic formations through nine field projects, funded primarily through the ARRA. These ARRA geologic characterization projects are characterizing additional promising geologic formations for CO 2 storage and are providing greater insight into the potential for geologic reservoirs across the U.S. to safely and permanently store CO 2 ( Figure 2 and Table 2 ). The formations selected for characterization are validating confining zone (seal) properties to protect against adverse impacts on the overlying formations or risks to underground sources of drinking water (USDWs). As of April 2012, these nine projects have identified a total of over 50 billion metric tons of additional CO 2 storage potential within their respective study areas. Table 2 . The projects are developing comprehensive data sets of formation characteristics (porosity, permeability, reservoir architecture, cap rock integrity, etc.) while also developing information and experience to refine best practices for storage site selection and characterization. Projects are further refining storage resource estimates through utilizing existing data sets, drilling new characterization wells, collecting cores, running logs, conducting seismic surveys, and developing regional site geologic models based on field results. These efforts represent a significant step toward understanding the geology of potential storage formations in the United States. These projects are contributing to the knowledge base for site characterization and support further updates to best practices manuals (BPMs) for site characterization of their region. In addition, they will contribute to "knowledge sharing" within technical working groups. Specific details about these projects can be found on NETL's Carbon Storage Website [7] .
Geologic Storage Field Projects
Carbon dioxide injection tests in different types of geologic formations and depositional environments that include the efforts of the RCSPs and other NETL-supported small-scale field projects are focused on contributing to the understanding of CO 2 behavior and migration in the full range of depositional environments/classes of storage formations. These tests are also aimed specifically at understanding CO 2 injectivity; validating CO 2 storage resource potential through both regional and project-specific characterization efforts; ensuring that CO 2 can be injected and stored safely, permanently, and economically; as well as validating and field testing CCUS technologies through all stages leading to commercialization [8] . NETL's Carbon Storage Program has supported a total 31 field geologic CO 2 storage projects through its Infrastructure element (project locations found on the maps in Figure 1 -the Big Sky Validation field test investigating basalts as CO 2 storage options is not listed).
Small-Scale Field Projects
A portion of the Infrastructure element is made up of a total of 22 small-scale field projects. The RCSPs have conducted the majority of these field tests through their Validation Phase (2005-2011). The Validation Phase evaluates promising CCUS projects through a series of small-scale field tests to develop an understanding of injectivity, capacity, and storability of CO 2 in the various geologic formations within a wide-range of depositional environments. Experience gained and lessons learned from this phase are being utilized to (1) develop "best practices" manuals, (2) facilitate future CCUS opportunities worldwide, and (3) provide a foundation for implementation of the large-scale field tests in the Development Phase [6] . The Validation Phase has accounted for 18 total field projects. To date, eight RCSP Validation Phase projects have completed CO 2 injection into depleted oil and gas fields; five projects have completed injection into saline formations; and five projects have completed injection into unmineable coal seams. Results from these and other field tests are presented in Table 3 . These 18 Validation Phase projects have safely injected approximately 1.22 million metric tons of CO 2 . The RCSPs have determined that a majority of the injected CO 2 across all of the Validation Phase projects is considered stored within the subsurface. Sophisticated monitoring, verification, and accounting (MVA) protocols were specifically designed and deployed at each project site to verify CO 2 storage within the injection zone in the subsurface. MVA protocols used at saline injection tests indicated no signs of CO 2 leakage from the injection zone in the subsurface, providing evidence of safe and permanent storage. Instrumentation, such as flow meters, were deployed at test sites to track CO 2 injected underground and to account for CO 2 (typically through mass balance) recovered from production wells, separated, and re-injected as part of the larger EOR field projects. Instrumentation was used to account for losses that occurred during the production step for some of the smaller ECBM and EOR projects not utilizing recycle. [10] Injection rate, gas recovery as expected. (Table 3 ).
Blackhorse Energy, LLC plans to inject supercritical CO 2 into a beach barrier bar complex in southeastern Louisiana to evaluate the formation for long-term CO 2 storage potential and supplement existing enhanced oil recovery (EOR) activities. The primary focus of this project is to examine and prove the suitability of South Louisiana geologic formations for geologic storage of CO 2 in association with EOR applications. The project is using an innovative injection well design to test the efficacy of increased geologic storage in the Wilcox Formation. Short-radius horizontal well technology will be used to inject approximately 52,000 metric tons of supercritical CO 2 and CO 2 foam into the Wilcox Formation. The project also will use innovative remote time-lapse monitoring technologies to track CO 2 migration during and after injection operations.
The University of Kansas project aims to inject at least 30,000 metric tons of CO 2 into the Mississippian formation and 40,000 metric tons under super-critical conditions into the underlying Arbuckle saline aquifer to evaluate geologic storage of CO 2 and miscible CO 2 -EOR. This study will apply state-of-the-art MVA tools and techniques to monitor and visualize the injected CO 2 plume and develop a robust Arbuckle geomodel by integrating data collected from the proposed study area. The team will integrate MVA data and analyses with reservoir modelling studies to detect potential CO 2 leakage and validate the simulation model.
The CONSOL Energy project has utilized horizontal drilling on a 200-acre site with two underlying coal seams to produce coalbed methane (CBM) and store CO 2 in unmineable coal formations. CONSOL has constructed and operated a coal bed CO 2 storage site composed of a series of wells that originate at the surface and extend horizontally through two overlying coal seams. The wells were initially to drain CBM from both the upper (mineable) and lower (unmineable) coal seams. After sufficient depletion of the reservoir, centrally located wells in the lower coal seam were converted from CBM drainage wells to CO 2 injection wells. The CONSOL Energy project is currently injecting 6 metric tons per day for a total of ~2400 metric tons as of early September.
NETL continues advanced research into CO 2 behavior in coal seams by partnering with Virginia Polytechnic and State University (Virginia Tech) for a new field test. Limited experience with injection into coal and organic-rich shales in central Appalachia makes commercial potential uncertain at this time.
Working in partnership with NETL, the Virginia Tech project is focused on reducing this uncertainty by designing and implementing characterization, injection, and monitoring activities to test these stacked formations (listed in Table 3 ) and track the migration of CO 2 throughout the injection and post-injection phases. A detailed geologic characterization of the proposed injection site indicates that regional geologic structures, coal permeability, and reservoir seals are adequate for a 20,000 metric ton injection test. The proposed research will provide needed information on other stacked storage options and provide an additional benefit of proven carbon storage potential in coal seams with ECBM and other stacked unconventional formations in central Appalachia. Many of the CBM operations in the central Appalachian Basin are approaching maturity, providing large reservoirs suitable for storing CO 2 . Carbon dioxide injection into coal seams could increase CBM reserves by 20 to 40 percent while concurrently increasing the storage capacity for sequestration of large volumes of CO 2 .
Large-scale Field Projects
DOE is supporting a number of large-scale (1 million metric tons CO 2 injected) field projects in different geologic storage formations to confirm that CO 2 capture, transportation, injection, and storage can be achieved safely, permanently, and economically at commercial-scale. The large-scale field projects are exclusive to the RCSP Development Phase (2008-2018+) and involve at least one injection of approximately one million metric tons or more of CO 2 by different RCSPs into regionally significant geologic formations of different depositional environments, focusing on saline formations and EOR injections ( Table 4 ). The results of the characterization and injection processes of these projects should provide enough information to refine the regional storage resource estimates to a more specific storage resource estimate for the project site and to classify each site as "Contingent Storage Resource" [3] [6].
Regional variations among RCSP projects will provide researchers with vitally important information and experience as they (1) test injection across a variety of geologic settings, (2) engage stakeholders and the public to provide education and insight into CCUS activities, and (3) contribute to the development of permitting and other regulatory requirements that will be used for long-term injection and geologic storage of CO 2 . These projects are considered the precursors to commercial-scale major demonstration projects.
In addition to the various depositional environments being tested, the RCSP Initiative's Development Phase projects are also exploring issues concerned with using CO 2 from a variety of CO 2 sources including naturally occurring deposits, ethanol facilities, natural gas processing plants, and capture from power plants [2] . Using CO 2 from a variety of sources across Partnership tests provides insight into the required infrastructure, costs, and overall level of effort needed to capture and safely store CO 2 from a particular source type. Tests are designed to not only investigate commercial-scale injection of CO 2 , but also to understand the necessary regulatory and public outreach efforts needed for successful CCUS, and to develop the necessary human capital, knowledge base, and experience necessary to implement future CCUS operations. Table 4 ). The majority of projects that have selected sites are currently undergoing site characterization and preparation, project planning, and permitting activities. However, injection operations have begun at the Midwest Geologic Sequestration Consortium (MGSC) Decatur-Illinois Basin site, and at the Southeast Regional Carbon Sequestration Consortium (SECARB) Cranfield (Early) and Plant Barry-Citronelle (Anthropogenic) sites.
The MGSC Decatur-Illinois Basin project involves the injection of 1 million metric tons of CO 2 over three years into a deep saline formation in the Illinois Basin. The source of CO 2 is downstream of the product recovery scrubbers that follow the Archer Daniels Midland (ADM) ethanol fermentation units. Since November 2011, CO 2 has been injected and stored at a rate of over 1,000 metric tons per day. MVA activities are focused on the 0.65 km 2 project site and critical locations in the surrounding area. A major objective of monitoring is to establish an environmental baseline to allow evaluation of potential impacts from CO 2 injection, to demonstrate that project activities are not adversely affecting human health and the environment, and provide an accurate accounting of stored CO 2 . The effectiveness of longterm CO 2 storage in the Mt. Simon is being evaluated through an in-zone verification well designed to monitor the injection formation and formations immediately above the primary caprock using pressure monitoring and fluid sampling. A dedicated geophone well has been drilled to facilitate repeat seismic imaging over the life of the project. Surface deformation will be measured using interferometric synthetic aperture radar (InSAR) satellite imagery. Monitoring of the near-surface environment includes color infrared aerial imagery, high-resolution electrical earth resistivity, shallow groundwater quality, soil CO 2 fluxes, net exchange CO 2 fluxes, and vadose zone CO 2 concentrations. Characterization of near-surface CO 2 conditions is important to determine baseline conditions for detecting any potential CO 2 leakage to the atmosphere.
The SECARB Cranfield (Early) site, which was the first Development Phase field test to begin CO 2 injection operations, injects CO 2 into the lower Tuscaloosa Formation. The Cranfield project began injection in April 2009 after a successful Validation Phase test that injected and stored over 627,000 metric tons of CO 2 into the Tuscaloosa and the same site. An additional 2,711,600 metric tons of CO 2 has been injected through the end of 2011. The naturally occurring CO 2 for the Cranfield project is sourced via CO 2 pipeline from the Jackson Dome near Jackson, Mississippi. In August 2012 the Plant BarryCitronelle (Anthropogenic) project has begun injecting at a rate of 100,000 to 150,000 metric tons of CO 2 per year for two to three years into the Paluxy Formation. The CO 2 is being supplied by a pilot unit capturing CO 2 from flue gas produced from Southern Company's coal fired facility, Plant Barry in Bucks, Alabama and transported 12 miles by pipeline to the Citronelle Field injection site. Three new wells have been drilled for the project-a reservoir characterization well, a characterization/observation/backup injection well, and a dedicated CO 2 injection well. In addition to the new wells, the project is using several existing oilfield wells surrounding the CO 2 injection site to monitor injection operations and to ensure public safety. Mitsubishi Heavy Industries successfully completed construction of a postcombustion CO 2 capture facility at Plant Barry that became operational in the Summery of 2011.
Specific details about each RCSP test can be found on NETL's Carbon Storage Regional Partnership website [9] or in the 2012 United States Carbon Utilization and Storage Atlas (Atlas IV) [2] .
Regional Carbon Sequestration Training Centers and Knowledge Sharing DOE understands that knowledge sharing between various entities is essential in order to commercialize CO 2 storage technologies. Distribution of the results and lessons learned from both field projects and Core R&D efforts will provide the foundation for future, large-scale CCUS field tests across North America and for addressing future challenges associated with public acceptance, infrastructure requirements (pipelines, compressor stations, etc.), and regulatory framework. DOE promotes information and knowledge sharing through various avenues, such as the RCSP working groups, development of best-practices manuals [11] , public outreach and education efforts including the NETL Carbon Storage Program website, and through ARRA Regional Carbon Sequestration Training Centers (Training Centers) [12] .
The seven training centers established by NETL are focused on training personnel in the implementation of CCUS technology (Table 5 ). While CCUS technologies offer great potential for reducing CO 2 emissions and mitigating potential climate change, deploying these technologies will require a significantly expanded workforce trained in various specialties that are currently underrepresented in the United States. The training activities focus on the applied engineering and science of CCUS for site developers, geologists, engineers, and technicians, as well as provide a technology transfer platform for CO 2 storage. The resulting training will produce a workforce with the skills and competencies in geology, geophysics, geomechanics, geochemistry, and reservoir engineering disciplines needed by the CCUS industry. The goal of these training centers is to become self sustaining (without Federal funding) while continuing training to ensure a technically capable CCUS workforce when CCUS is commercially deployed. The seven centers are augmenting and supplementing outreach activities already underway in RCSPs, and are utilizing the experiences and lessons learned from NETL's Core R&D efforts, CO 2 storage field projects, and characterization efforts as key components for training curricula [12] . The seven training centers are listed in Table 5 , with links to their respective websites for more information. NETL is helping to promote widespread CCUS deployment through the Infrastructure element, which to date has safely and efficiently injected and stored more than three million metric tons of CO 2 at over 20 active or completed field projects; generated lessons-learned from those field projects and documented them in best-practices manuals; refined national CO 2 storage assessments through characterization field projects; and trained nearly 3,000 students through the Regional Carbon Sequestration Training Centers. NETL's Carbon Storage R&D Program has made significant progress in establishing a solid understanding of CCUS-related infrastructure throughout North America. Ultimately, the implementation of small-and large-volume storage tests and regional characterization efforts as served to verify the best technologies to use in future application of CCUS systems in the United States and Canada. Future field testing will continue to enhance these technologies and allow for better understanding of CO 2 storage across various geologic reservoir types. Furthermore, providing CCUS training opportunities allows for an increased and better trained workforce well-versed in the necessary best practices needed to make an impact to future CCUS operations throughout the United States and worldwide. 
Basalt Formations:
The relatively large amount of potential storage resource in basalts, along with their geographic distribution, makes them an important formation type for possible CO 2 storage, particularly in the Pacific Northwest and the southeastern United States. Basalt formations are geologic formations of solidified lava. These formations have a unique chemical makeup that could potentially convert all of the injected CO 2 to a solid mineral form, thus isolating it from the atmosphere permanently. Some key factors affecting the capacity and injectivity of CO 2 into basalt formations are effective porosity of flow top layers and interconnectivity. DOE's current efforts are focused on enhancing and utilizing the mineralization reactions and increasing CO 2 flow within basalt formations. However, CO 2 storage in basalt formations is an area of current research, and before basalt formations can be considered viable storage targets, a number of questions related to the basic geology, CO 2 trapping mechanisms and their kinetics, and monitoring and modelling tools need to be addressed. The map in this Appendix A presents the locations of these potential future storage opportunities, but DOE currently has no CO 2 storage resource values for basalt formations [4] .
Organic-rich Shale Formations: Shales are formed from silicate minerals that are degraded into clay particles that accumulate over millions of years in areas of still water. The plate-like structure of these clay particles causes them to accumulate in a flat manner, resulting in rock layers with extremely low permeability in the vertical direction. Therefore, shales are most often used in a geologic storage system as a confining seal or caprock. If the horizontal permeability in shales is preferentially increased through engineering, CO 2 storage becomes feasible. Recent technological advances in the form of horizontal drilling and hydraulic fracturing have increased energy sector interest in organic-rich shales for natural gas production. With horizontal drilling and hydraulic fracturing, operators are basically engineering the porosity and permeability into organic-rich shales to create flow pathways. These technologies, coupled with the fact that CO 2 is preferentially adsorbed over methane, will improve the feasibility of using CO 2 for enhanced gas recovery in much the same way as ECBM recovery. More research is needed on organic-rich shales to fully understand CO 2 storage potential in these formations [4] .
